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Abstract

Various primary amines react with 1,4-benzoquinone to form corresponding 2,5-bis(alkyl/arylamino)1,4-benzoquinone. The crystal structure
of three such derivatives namely 2,5-bis(2-propylamino)1,4-benzoquinone, 2,5-bis(cyclohexylamino) 1,4-benzoquinone and 2,5-bis(3-methyla-
nilino)1,4-benzoquinone is determined. The solid-state structure shows absence of intra-molecular hydrogen bonding between the carbonyl of
the quinone unit with NeH of the amine group in these molecules. Each of these compounds shows a proton sensitive quasi-reversible redox
couple. Analysis on the basis of torsion angle shows that conjugation of the O]CeCeN frame has lesser contribution to the quasi-reversible
cycle but the couple is effected by variation of the substituents on the nitrogen atom. The reaction of 1,4-naphthoquinone with primary amines
also gives corresponding 2-amino-1,4-naphthoquinone derivatives. Two representative crystal structures of 2-amino-1,4-naphthoquinone deriv-
atives are reported.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Quinonic compounds are of great importance to understand
different processes that are related to biology [1]. They have
application in synthetic organic chemistry [2]. From the per-
spectives of designing magnetic materials [3] and understand-
ing photo-physical properties [4], the co-ordination chemistry
of quinones is also very important. Metal-quinonoid com-
plexes also show valence tautomerism [5]. Substantial amount
of research is done on the quinonic polymers to use them as
photo-conductors [6]. The quinones also find application as
electrode material [7]. The redox properties of quinones are
useful in designing multiple cycled metal catalysed oxidation
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processes [8]. Palladium quinone complexes are of great im-
portance in synthetic organic chemistry as catalyst [9]. The
amino-quinones are used as herbicides [1d], but their redox
properties are less studied. With this background we set our
study to synthesise and characterise a series of nitrogen con-
taining quinonic compounds having the framework as shown
in Fig. 1. Although it is already reported that the reaction of
1,4-benzoquinone with organic amine gives amino-quinones
[10], these reactions are not explored systematically for
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selective synthesis of bis-amino-quinones. Moreover, selective
synthesis of amino-quinones would provide guideline for syn-
thesis of interesting quinone based compounds for material de-
sign. The structural aspect of such compounds is not yet
studied and understanding of structural feature will help in
synthesis of novel metal complexes similar to the one reported
in the literature [5]. In this article, we show an exceptionally
simple yet selective one pot synthesis of 2,5-bis(alkyl/aryla-
mino)1,4-benzoquinones and their structure and electrochem-
ical properties.

2. Result and discussions

A series of 2,5-bis(alkyl/arylamino)1,4-quinones are syn-
thesised from the reaction of 1,4-benzoquinone with different
amines under aerobic condition as illustrated in Eq. (1).

The reaction is found to be exceptionally selective and leads to
only 2,5-bis(alkyl/arylamino)1,4-benzoquinones of the corre-
sponding amine. From the reaction mixture the products can
be simply filtered and recrystallised. The results on these reac-
tions are listed in Table 1. From these reactions we could not
obtain 2,6-bis(alkyl/arylamino)1,4-benzoquinone derivatives.
The minimum energy (calculated by MM2 using Chem3D
pro version 7.00) of 2,5-bis(amino)1,4-benzoquinone and
2,6-bis(amino)1,4-benzoquinone are very comparable but
with a difference of 0.04 kcal. This suggests that the steric fac-
tors arising from the substituent effect predominates in these
reactions. The result of selective formation of 2,5 isomer
may be assumed to be due to attack of two amines to 1,4-ben-
zoquinone. For such attack to give exclusive product of one
isomer would require approach of two amines from the fur-
thest possible distance. Thus, exclusively 2,5 isomer is formed
due to electrostatic reasons. This is also evident from the fact
that 1,4-naphthoquinone on reaction with amines gives mono-
substituted derivatives. We have also carried out reaction with
ammonia with 1,4-benzoquinone, however; in this case, the
products could not be obtained in pure and soluble form. How-
ever, the reactions of primary amines with 1,4-benzoquinone
lead to precipitation of the product making it difficult to follow
the kinetics of the reaction by NMR experiment. It is interesting
to note that the reactions of aniline having electron-donating
substrates react well with 1,4-benzoquinone but with electron
deficient systems such as 4-nitro-aniline the reaction did not
work at room temperature. On heating the reaction mixture it
led to mixture of products, which could not be purified. In
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R = -CH(CH3)2 (1); -(CH2)3CH3 (2); -cyclo-C6H11 (3); o-CH3C6H4- (4); 
3-CH3C6H4- (5); o-CH3OC6H4- (6); C6H5CH2- (7); 
-CH2CH2OH (8); -CH2CH3 (9) (1)
this regard, it may be mentioned that the 2-aminobenzoic
acid has been reported to react with 1,4-benzoquinone [10g],
thus, the nature of substituent plays a role in these reactions.
For example, 1,4-naphthoquinone reacts with different amines
to give corresponding mono-substituted 2-amino-1,4-naphtho-
quinones (Eq. (2)).

Hydrogen bonding has an important role in deciding
properties of quinonic compounds [11]. With anticipation
that these molecules will have intra-molecular hydrogen
bonding between the NeH and the carbonyl group of the
quinonic part, we have studied the crystal structure of few
derivatives. Single crystal X-ray diffraction studies of
a few 2,5-bis(alkyl/arylamino)1,4-benzoquinone derivatives
show that they exist as dimers in solid state through Ne
H/O hydrogen bonding interactions. An illustrative exam-
ple showing such a dimeric form in the crystal structure
of 1 is given in Fig. 2. The asymmetric unit of this com-
pound contains two molecules. It is observed that the mol-
ecules self-assemble in the solid state through
intermolecular NeH/O (dO1/N1 3.019 Å, 161.2�) hydro-
gen bonds. In this compound, there is no intra-molecular
hydrogen bonding among the carbonyl of the quinone ring
and NeH of the amino groups. Similarly, the crystal struc-
tures of 3 and 5 are determined (Fig. 3) and in these cases
also we did not observe the intra-molecular hydrogen bond-
ing between the carbonyl and NH groups.

Compounds 1e9 are derived from 1,4-benzoquinone, thus
they are expected to show electrochemical properties similar
to that of 1,4-benzoquinone [12]. Cyclic voltamogram of
these compounds is recorded in acetonitrile as solvent with
tetrabutyl ammonium perchlorate as supporting electrolyte.
From the DEp and ip/ic values it is found that each of these
compounds has a quasi-reversible redox couple in the nega-
tive voltage side. The E1/2 values for the couples and the ip/ic
values are listed in Table 2. Since delocalisation plays a cru-
cial role in redox processes and these molecules have a car-
bonyl group next to an amine group, the effect of
delocalisation is expected to play a crucial role in deciding
their electrochemical properties. Delocalisation involving
the carbonyl of quinonic ring would depend on the planarity
of the ring with the amine group, this should cause the dif-
ferences in observed redox properties and deviation from
the redox properties of the parent 1,4-benzoquinone. Thus,
from the crystal structure of the three compounds 1, 3 and
5, we have analysed the torsion angle about O]CeCeN
bonds. The torsion angles around O]CeCeN are found to
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When R = p-CH3OC6H4 (10), (o-CH3O)(p-CH3O)C6H3- (11) (2)
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be 0.98�, �2.39�, �3.68� for 1, 3 and 5, respectively. From
this it is clear that the planarity of the O]CeCeN frame in
these molecules is in the order of 1> 3> 5. However, the
deviation from reversibility in the redox couple is in the or-
der of 3> 1> 5. So, the deviation from reversibility in the
observed redox couple is not purely an electronic factor
related to the twist arising out of the bond angle along

Table 1
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O]CeCeN bond deciding the orientation of the amine
and carbonyl groups but may be related to the electronic ef-
fect of the substituents.

In a similar manner naphthoquinone derivatives are also
characterised by their X-ray crystal structure. Two represen-
tative structures of compounds 10 and 11 are shown in
Fig. 4. Analogous to the aminoquinone structure discussed
earlier these compounds also do not have intra-molecular
hydrogen bonding among the NH group and the adjacent
carbonyl group. But in the lattice they self-assemble through
the intermolecular hydrogen bonding among NH and the
carbonyl oxygen atoms.

The 1,4-benzoquinone itself shows two reversible redox
couples in the negative potentials [12] corresponding to two
one-electron redox couples due to stepwise formation of
mono- and bi-anion radical. But in the compounds reported
here we observe only one electrochemical redox couple, which
is attributed to the electrochemical process as illustrated in Eq.
(3). Unlike 1,4-benzoquinone, the second electron transfer
process in these compounds (1e8) is difficult and it is obvious
that a di-anion would not be favored in an aromatic ring sys-
tem having two electron-donating amine functionality. It is
supported by the fact that the di-anion of 1,4-benzoquinones
is also proton sensitive [12] and the labile protons in these sys-
tems affect the second redox process. In our compounds, there
is already a source for labile protons, which disfavors di-anion
formation.

Fig. 2. Crystal structure of 2,5-bis(2-propylamino)1,4-benzoquinone, 1 (ther-

mal ellipsoids drawn to 30% probability); hydrogen bonding interactions be-

tween the NeH and the C]O groups lead to a layered structure parallel to

ac-plane.
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Fig. 3. Crystal structure (a) 2,5-bis(cyclohexylamino)1,4-benzoquinone (3) and (b) 2,5-bis(3-methylanilino)1,4-benzoquinone (5) drawn with 30% thermal

ellipsoid.
It is also found that the redox couples observed for these
molecules are acid sensitive. For example, addition of acetic
acid to solutions of these quinonic compounds causes new re-
duction peaks to appear at a lower value. Further to this, on
addition of acetic acid the redox couple of the parent com-
pound becomes irreversible and the reduction process be-
comes prominent but the oxidation process is inhibited. The
changes brought about by the addition of acid in the electro-
chemical process for compound 2 are illustrated in Fig. 5.
The new reduction peak, which appeared on addition of acid
to a solution of 2 is attributed to the formation of a fraction
of protonated 2,5-bis(n-butylamino)1,4-benzoquinone on addi-
tion of acetic acid and its reduction. These observations show
that the redox process in these compounds is controlled by
hydrogen ion concentration. Since these compounds have
nitrogen atoms, which can be easily protonated, this inhibits
the reversibility of the redox process. In terms of electrochem-
istry, compounds 10 and 11 are analogous to the amino-
benzoquinones discussed earlier. These compounds possess
a reversible couple in the range of �790 to �800 mV due to
the formation of radical anion.

In conclusion, we have prepared a series of 2,5-bis(alkyl/ar-
ylamino)1,4-benzoquinones through a selective one step pro-
cedure. The crystal structure of three such derivatives 1, 3
and 5 showed absence of intra-molecular hydrogen bonding
among the carbonyl and amine group in them. The 2,5-
bis(alkyl/arylamino)1,4-benzoquinones show a proton sensitive
quasi-reversible redox couple.

2.1. Experimental section

The 1H NMR spectra were recorded in a Varian 400 MHz
spectrophotometer at room temperature; while the FT-IR spec-
tra were recorded in NICOLET IMPACT-410 spectrometer us-
ing OMNIC software. Electrochemical studies were performed

Table 2

The electrochemical parameters for compounds 1e8

Compound E1/2 (V) ip/ic DEp (V)

1 �1.0415 1.10 0.167

2 �1.051 1.00 0.136

3 �0.687 1.95 0.294

4 �0.616 1.34 0.377

5 �0.777 1.38 0.101

6 �0.756 1.72 0.075

7 �0.763 1.11 0.105

8 �0.965 1.09 0.091
in acetonitrile (10 ml) solution containing approximately 2e
4 mg (w0.1 mmol) of each compound along with tetrabutyl
ammonium perchlorate (200 mg) as supporting electrolyte.
The cyclic voltamograms were recorded under nitrogen atmo-
sphere with three electrode system comprising platinum as
working and auxiliary electrodes with an Ag/AgCl reference
electrode in a CHI660A electrochemical workstation. The
scan speed used was 100 mV s�1. All the melting points re-
ported are uncorrected. The X-ray diffraction data were col-
lected on Bruker 3-circle SMART Apex diffractometer with
CCD area detector, using graphite monochromated Mo Ka ra-
diation from a 60 W microfocus Bede Microsource� with
glass polycapillary optics. The structures were solved by direct
methods and refined by full-matrix least-squares against F2 of
all data, using SHELXTL software [13].

2.2. General procedure for synthesis of
2,5-bis(alkyl/arylamino)1,4-benzoquinones
(1e9)

In a typical experiment, 2-propylamine (600 mg,
10.2 mmol) was added dropwise to a well-stirred solution of
1,4-benzoquinone (540 mg, 5 mmol) in methanol (15 ml) at
room temperature. On addition of amine, the yellow color
due to the parent quinone disappeared and the solution turned
black. The solution was stirred for 15 h, after which the vol-
ume of the solution was made to half under reduced pressure.
A brown precipitate appeared, the precipitate was filtered and
dried at room temperature and further recrystallised from
MeOH to obtain 2,5-bis(2-propylamino)1,4-benzoquinone.
Other 2,5-bis(alkyl/arylamino)1,4-benzoquinones were pre-
pared in analogous manner from their corresponding amines.

2.3. Analytical data for compounds 1e9

2.3.1. 2,5-Bis(2-propylamino)1,4-benzoquinone (1)
Melting point: 185 �C. Elemental anal. calcd. for

C12H18N2O2: C, 64.84; H, 8.16; N, 12.60; found C, 64.43; H,
8.12; N, 12.52. 1H NMR (CDCl3, 400 MHz, ppm): 1.32 (d,
J¼ 6.8 Hz, 12H), 3.65 (heptet, J¼ 6.8 Hz, 2H), 6.50 (br s,
2H), 6.70 (s, 2H). IR (KBr, cm�1): 3210 (s), 2976 (s), 1564 (s),
1487 (s), 1314 (s), 1228 (s), 1131 (s), 835 (m), 723 (m). UVe
vis (cmax, CH3CN) 341 nm (3¼ 15,387.6 cm�1 M�1); crystal
data and refinement parameters for compound 1 are: Crystal
system, Monoclinic; Space group C2/c, a¼ 10.7806(8) Å;
b¼ 9.1044(8) Å, c¼ 12.8759(10) Å, b¼ 106.501�, V¼
1211.73(17) Å3, Z¼ 4; Density (Mg m�3), 1.218; Abs. Coeff.
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Fig. 4. The crystal structure of (a) 2-(4-methoxyanilino)1,4-naphthoquinone (10) and (b) 2-(2,4-dimethoxy anilino)1,4-naphthoquinone (11) drawn with 30% ther-

mal ellipsoid.
(mm�1), 0.084; Total number of reflections, 26,763; Refinement
method, full-matrix least-squares on F2; Data/Restraints/Param-
eters, 1428/0/83; Goof (F2), 1.031; R indices [I> 2s(I )], 0.0458;
R indices (all data), 0.0704.

2.3.2. 2,5-Bis(n-butylamino)1,4-benzoquinone (2)
Melting point: 154 �C. Elemental anal. calcd. for

C14H22N2O2: C, 67.17; H, 8.86; found C, 67.34; H, 8.81. 1H
NMR (CDCl3, 400 MHz, ppm): 0.95 (t, 6H, J¼ 7.4 Hz),
1.41 (septate, 4H, J¼ 7.4 Hz), 1.63 (m, 4H), 3.14 (q, 4H,
J¼ 7.4 Hz), 5.29 (s, 2H), 6.58 (br s, 2H). IR (KBr, cm�1):
3261 (s), 2956 (s), 2862 (m), 1643 (s), 1551 (s), 1499 (s),
1458 (w), 1363 (s), 1293 (s), 1250 (s), 1207 (w), 1078 (w),
910 (w), 674 (br s).

2.3.3. 2,5-Bis(cyclohexylamino)1,4-benzoquinone (3)
Melting point: 236 �C. Elemental anal. calcd. for

C18H26N2O2: C, 71.49; H, 8.67; found C, 71.65; H, 8.62. 1H
NMR (CDCl3, 400 MHz, ppm): 1.31 (m, 12H), 1.77 (m,
4H), 1.97 (m, 4H), 3.25 (m, 2H), 5.31 (s, 2H), 6.58 (s, 2H).
IR (KBr, cm�1): 3268 (s), 2925 (s), 2853 (s), 1644 (s), 1593
(w), 1568 (s), 1496 (s), 1358 (s), 1301 (s), 1255 (s), 1214
(s). Unit cell parameters: Monoclinic, space group P21/c,
a¼ 14.2272(10) Å, b¼ 8.9925(7) Å, c¼ 13.3769(9) Å,
b¼ 99.370(5)�, Z¼ 4, Density (Mg m�3), 1.190; Abs. Coeff.
(mm�1), 0.078; Total number of reflections, 12,276; Refine-
ment method, full-matrix least-squares on F2; Data/

Fig. 5. Cyclic voltamogram of 2 (1 mmol) in acetonitrile (10 ml) on addition

of acetic acid (10 mM) solution in aliquots of 10 ml.
Restraints/Parameters, 4477/0/295; Goof (F2), 1.033; R indi-
ces [I> 2s(I )], 0.0499; R indices (all data), 0.0997.

2.3.4. 2,5-Bis(2-methylanilino)1,4-benzoquinone (4)
Melting point: 253e254 �C. Elemental anal. calcd. for

C20H18N2O2: C, 75.45; H, 5.70; found C, 75.35; H, 5.68. 1H
NMR (CDCl3, 400 MHz, ppm): 2.28 (s, 6H), 5.65 (s, 2H),
6.19 (m, 2H), 7.03 (m, 2H), 7.28e7.19 (m, 4H), 7.87 (br s,
2H). IR (KBr, cm�1): 3241 (s), 2928 (w), 2361 (b), 1644
(s), 1570 (s), 1504 (s), 1492 (w), 1353 (s), 1289 (s), 1163
(s), 1100 (m), 853 (w), 782 (s), 743 (w).

2.3.5. 2,5-Bis(3-methylanilino)1,4-benzoquinone (5)
Melting point: 257e259 �C. Elemental anal. calcd. for

C20H18N2O2: C, 75.45; H, 5.70; found C, 74.98; H, 5.65. 1H
NMR (CDCl3, 400 MHz, ppm): 2.38 (s, 6H), 6.06 (s, 2H),
7.04 (m, 4H), 7.27 (m, 4H), 8.06 (s, 2H). IR (KBr, cm�1):
3738 (b), 3241 (s), 2928 (w), 2361 (b), 1640 (s), 1570 (s),
1504 (s), 1492 (w), 1353 (s), 1289 (s), 1199 (s), 1163 (m),
853 (w), 782 (s), 743 (w), 723 (w). Unit cell parameters for
crystal: Monoclinic, space group P21/n, a¼ 14.1207(7) Å,
b¼ 7.2327(4) Å, c¼ 15.5611(8) Å, b¼ 92.965(2)�, Z¼ 4;
Density (Mg m�3), 1.332; Abs. Coeff. (mm�1), 0.087; Total
number of reflections, 13,547; Refinement method, full-matrix
least-squares on F2; Data/Restraints/Parameters, 4135/0/227;
Goof (F2), 0.992; R indices [I> 2s(I )], 0.0533; R indices
(all data), 0.0983.

2.3.6. 2,5-Bis(2-methoxyanilino)1,4-benzoquinone (6)
Melting point: 250 �C. Elemental anal. calcd. for

C20H18N2O4: C, 68.56; H, 5.18; found C, 68.76; H, 5.21. 1H
NMR (CDCl3, 400 MHz, ppm): 3.98 (s, 6H), 6.15 (s, 2H),
6.93 (d, 2H), 6.98 (m, 4H), 7.13 (t, 2H, J¼ 7.4 Hz), 7.40 (d,
2H, J¼ 7.4 Hz), 8.45 (s, 2H). IR (KBr, cm�1): 3298 (s),
3236 (w), 1655 (s), 1583 (s), 1527 (s), 1481 (s), 1460 (s),
1352 (s), 1286 (s), 1250 (s), 1189 (s), 1122 (s), 1025 (s),
728 (w).

2.3.7. 2,5-Bis(benzylamino)1,4-benzoquinone (7)
Melting point: 234 �C. Elemental anal. calcd. for

C20H18N2O2: C, 75.45; H, 5.70; found C, 75.13; H, 5.68. 1H
NMR (CDCl3, 400 MHz, ppm): 4.32 (d, 4H, J¼ 6 Hz), 5.37
(s, 2H), 6.75 (br s, 2H), 7.36e7.24 (m, 10H). IR (KBr,
cm�1): 3279 (s), 3021 (s), 1643 (s), 1496 (s), 1362 (s), 1253
(s), 1059 (w), 1004 (m), 856 (w), 814 (br s), 697 (br s).
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2.3.8. 2,5-Bis(ethanolamino)1,4-benzoquinone (8)
Melting point: >350 �C. Elemental anal. calcd. for

C410H14N2O4: C, 53.09; H, 6.24; found C, 53.18; H, 6.45.
1H NMR (DMSO-d6, 400 MHz, ppm): 3.18 (t, 4H,
J¼ 4.6 Hz), 3.58 (q, 4H, J¼ 6.4 Hz), 4.87 (br s, 2H), 7.37
(br s, 2H), 8.20 (s, 2H). IR (KBr, cm�1): 3317 (br s), 3254
(w), 3215 (s), 3150 (s), 1628 (s), 1550 (s), 1491 (br s), 1446
(m), 1381 (w), 1301 (s), 1262 (s), 1073 (s), 710 (s).

2.3.9. 2,5-Bis(ethylamino)1,4-benzoquinone (9)
Melting point: 218 �C. Elemental anal. calcd. for

C10H14N2O2: C, 61.84; H, 7.27; found C, 61.68; H, 7.23. 1H
NMR (CDCl3, 400 MHz, ppm): 1.29 (t, 6H, J¼ 7.6 Hz),
3.19 (m, 4H), 5.23 (s, 2H), 6.51 (s, 2H). IR (KBr, cm�1):
3281 (s), 2972 (s), 2932 (w), 2868 (w), 1644 (w), 1550 (br
s), 1486 (br s), 1367 (s), 1267 (s), 1227 (m), 1134 (m), 1096
(m), 1057 (s), 906 (w), 812 (m), 792 (s), 768 (w), 708 (br
s), 467 (m).

The 1,4-naphthoquinone derivatives are prepared by stir-
ring a homogeneous methanolic solution of 1,4-naphthoqui-
none and corresponding amine at room temperature. Brown
to dark red precipitate was obtained in cases. Recrystallisation
of these precipitates from methanol gave the corresponding
compounds in pure form.

2.3.10. 2-(4-Methoxyanilino)1,4-naphthoquinone (10)
Melting point: 162e170 �C. Yield: 85%. 1H NMR (CDCl3,

400 MHz, ppm): 3.82 (s, 3H), 6.20 (s, 1H), 6.94 (d, J¼ 8 Hz,
2H), 7.19 (d, J¼ 8 Hz, 2H), 7.40 (br s, 1H), 7.63 (t,
J¼ 7.6 Hz, 1H), 7.73 (t, J¼ 7.6 Hz, 1H), 8.1 (t, J¼ 5.6 Hz,
2H). IR (KBr, cm�1): 3428 (br s), 3223 (s), 1676 (s), 1566
(s), 1601 (s), 1508 (s), 1355 (s), 1289 (s), 1234 (s), 1122 (s),
1039 (s), 721 (s). Unit cell parameters for crystal: Monoclinic,
space group P21/n, a¼ 3.99740(10) Å, b¼ 27.8247(9) (4) Å,
c¼ 11.9691(4) Å, b¼ 96.658(2)�, Z¼ 4; Density (Mg m�3),
1.403; Abs. Coeff. (mm�1), 0.097; Total number of reflections,
10,862; Refinement method, full-matrix least-squares on F2;
Goof (F2), 0.978; R indices [I> 2s(I )], 0.0470; R indices
(all data), 0.0834.

2.3.11. 2-(2,4-Dimethoxy anilino)1,4-naphthoquinone (11)
Melting point: 150e153 �C, Yield: 77%. 1H NMR (CDCl,

400 MHz, ppm): 3.82 (s, 3H), 3.86 (s, 3H), 6.27 (s, 1H), 6.48e
6.53 (m, 2H), 7.28 (d, J¼ 8 Hz, 1H), 7.62 (t, J¼ 7.2 Hz, 1H),
7.68 (br s, 1H), 7.72 (t, J¼ 7.2 Hz, 1H), 8.08 (t, J¼ 6.4 Hz,
2H). IR (KBr, cm�1): 3339 (br s), 3310 (s), 2940 (w), 1672
(s), 1621 (s), 1542 (s), 1363 (s), 1329 (s), 1293 (s), 1269 (s),
1208 (s), 1139 (s), 1026 (s), 726 (s). Unit cell parameters
for crystal: Monoclinic, space group P-1, a¼ 7.3277(3) Å,
b¼ 9.1243(4) Å, c¼ 11.7908(4) Å, a¼ 84.626(3),
b¼ 81.823(3), g¼ 68.745(3)�, Z¼ 2; Density (Mg m�3),
1.414; Abs. Coeff. (mm�1), 0.101; Total number of reflections,
7832; Refinement method, full-matrix least-squares on F2;
Goof (F2), 0.922; R indices [I> 2s(I )], 0.0444; R indices
(all data), 0.0853.
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Appendix. Supplementary materials

The crystallographic information of 1, 3, 5, 10 and 11 is de-
posited to Cambridge Crystallographic Database and has the
CCDC numbers 607637 for 1, 610155 for 3, 610156 for 5,
612934 for 10, and 612935 for 11.
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